Introduction
============

With the introduction of prostate-specific antigen (PSA) screening in clinical practice, the number of patients with prostate cancer (PCa) has rapidly increased.[@b1-ott-9-5611] PSA screening, combined with improvements in therapeutic modalities, has led to an increase in long-term survival.[@b2-ott-9-5611] The long-term survival of PCa patients, older age at diagnosis, and increased cancer risk associated with PCa therapy has led to a focus on secondary primary malignancies (SPMs).[@b3-ott-9-5611]--[@b8-ott-9-5611]

One sixth of PCa patients have been reported to have an SPM.[@b9-ott-9-5611] Among the various types of SPMs reported in PCa patients, colorectal cancer is clinically significant as its risk can be increased by PCa treatment.[@b5-ott-9-5611]--[@b8-ott-9-5611] This becomes even more important when considering that colorectal cancer and PCa have been reported to confer increased risks to each other.[@b9-ott-9-5611]--[@b12-ott-9-5611] This increase in risk may be due to shared risk factors between the two malignancies, such as obesity, consumption of meat, lack of exercise, vitamin D deficiency, and statin or aspirin use.[@b13-ott-9-5611]--[@b22-ott-9-5611] The two malignancies also share genetic risk factors such as *BRCA1* and *BRCA2*, Lynch syndrome, and genes associated with the Wnt pathway.[@b23-ott-9-5611]--[@b28-ott-9-5611]

Colorectal adenomas (CRAs) are considered precursors to colorectal cancer and the two share many risk factors.[@b29-ott-9-5611],[@b30-ott-9-5611] Colonoscopic screening and removal of CRAs has been reported to reduce long-term colorectal cancer mortality.[@b31-ott-9-5611] However, whether the prevalence of colorectal neoplasms (CRNs; colorectal cancers and adenomas) is increased in PCa patients and whether such patients would benefit from screening colonoscopy has not been investigated. Therefore, the aim of our study was to analyze the colonoscopy results of PCa patients at the time of diagnosis and to determine whether the risk of CRN is increased in these patients.

Methods
=======

Subjects
--------

We retrospectively evaluated the medical records of patients who had been diagnosed with PCa at Seoul St Mary's Hospital, a tertiary referral center, from January 2008 to April 2014. We included PCa patients who had undergone colonoscopic examination within 1 year of PCa diagnosis. Patients were excluded if they had any of the following: 1) incomplete colonoscopic examination, 2) history of inflammatory bowel disease, 3) family history of cancer syndromes or polyposis, or 4) previous history of colon polypectomy. The control subjects were randomly selected by systematic sampling from 13,530 asymptomatic males who had received a colonoscopy for health screening during the same period and were propensity-matched 1:2 to the PCa group by age and body mass index (BMI).

Subjects were excluded from the control group if they had any of the following: 1) incomplete colonoscopic examination, 2) any symptom of colorectal disease (abdominal pain, bowel habit change, hematochezia), 3) previous history of colon cancer, or 4) previous colon polypectomy. Use of subject data was approved by the institutional review board of Seoul St Mary's Hospital (KC14RISI0802) which waived the requirement for subject consent forms as this was a retrospective study using blinded data.

Colonoscopy
-----------

All colonoscopies were performed by endoscopists who were certified as experts by the Korean Society of Gastrointestinal Endoscopy using standard procedures after routine preparation with 4 L of polyethylene glycol. Small polyps (\<0.5 cm) were removed using cold or hot biopsy forceps, and large polyps (≥0.5 cm) were removed by snare polypectomy or endoscopic mucosal resection. The size of the polyps was measured endoscopically based on visual estimation and comparison with biopsy forceps.[@b32-ott-9-5611] The locations of the resected lesions were classified as right colon (ascending and transverse colon), left colon (descending and rectosigmoid colon), or both. All retrieved polyps were reviewed by an experienced gastrointestinal pathologist.

Definition of CRN, advanced neoplasm, and colorectal cancer
-----------------------------------------------------------

CRN was defined as a histologically confirmed adenoma or adenocarcinoma component. Non-neoplastic polyps such as inflammatory or hyperplastic polyps and mucosal tags were excluded. Subjects with ≥3 CRNs were classified as having multiple lesions. Patients were classified into the advanced CRN group if they met the criteria for advanced adenoma classification of the 2012 American Gastroenterological Association Guidelines as follows: 1) high-grade dysplasia, 2) villous features, 3) size ≥1 cm, or 4) presence of an adenocarcinoma.[@b33-ott-9-5611]

Selection of data for analysis
------------------------------

Medical charts of the patient and control groups were reviewed. These data included age, BMI, history of diabetes mellitus, hypertension, dyslipidemia, smoking, alcohol consumption, and aspirin intake. Laboratory data included the levels of total cholesterol and PSA. In the PCa group, the TNM stage was reclassified according to the American Joint Cancer Committee (7th edition) based on laboratory, pathology, operation, and radiology records.[@b34-ott-9-5611] In PCa patients who received colonoscopy, the reasons for the colonoscopy, such as routine health screening or evaluation of symptoms (hematochezia, bloating, abdominal pain, diarrhea, anemia, or constipation), and abnormal radiologic findings during PCa evaluation were recorded. In PCa patients, the time from PCa diagnosis to the colonoscopy examination was also noted.

Statistical analysis
--------------------

PCa subjects were compared with age- and BMI-matched controls. A subgroup analysis comparing asymptomatic PCa subjects with age- and BMI-matched controls was also performed. Comparisons of continuous variables were assessed using Student's *t*-test, and categorical variables were examined using the *χ*^2^ test. Multivariate analysis of the risk factors for CRN or advanced CRN was performed using logistic regression. The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each variable in the multivariate analysis. All tests were two-sided and were performed at the 5% level of significance using SAS software (SAS Institute Inc., Cary, NC, USA).

Results
=======

During the study period, 191 PCa patients had colonoscopies performed within 1 year of PCa diagnosis. Thirty patients were excluded from analysis for the following reasons: 23 had another previous malignancy and seven had incomplete examinations. The remaining 161 subjects were compared with 322 matched controls. The control group had a significantly higher percentage of subjects with diabetes, alcohol and smoking history, and higher total cholesterol levels ([Table 1](#t1-ott-9-5611){ref-type="table"}).

When the colonoscopic findings of the two groups were compared, the PCa group had a significantly higher number of polyps and CRNs per subject. The percentage of subjects with multiple CRNs and advanced CRNs was higher in the PCa group. There was no significant difference in the location of CRNs ([Table 2](#t2-ott-9-5611){ref-type="table"}).

Univariate and multivariate analysis was performed to identify the risk factors for overall CRNs and advanced CRNs. Higher BMI and history of smoking were significant risk factors for overall CRNs. For advanced CRNs, the presence of PCa (OR 2.545, 95% CI 1.418--4.566, *P*=0.002), older age, and higher BMI were significant risk factors whereas aspirin use was a preventive factor ([Table 3](#t3-ott-9-5611){ref-type="table"}). When the risk factors were analyzed in patients aged ≤75 years, the presence of PCa remained a significant risk factor for advanced CRNs (OR 3.331, 95% CI 1.749--6.345, *P*\<0.001).

Analysis of PCa patients was performed to identify the risk factors for CRNs among this population. Age and BMI were significant risk factors by univariate analysis although age was the only significant risk factor by multivariate analysis. There were no significant differences between PCa patients with and without CRNs with respect to TNM stage, PSA levels, and reasons for colonoscopy ([Table 4](#t4-ott-9-5611){ref-type="table"}).

Subgroup analysis comparing asymptomatic PCa patients with age- and BMI-matched controls found that PCa subjects had significantly higher numbers of polyps and CRNs per subject. PCa subjects had a higher proportion of multiple and advanced CRNs ([Table 5](#t5-ott-9-5611){ref-type="table"}). Multivariate analysis found that higher BMI was a significant risk factor for CRNs, while PCa increased the risk but was not significant (OR 1.734, 95% CI 0.998--3.012, *P*=0.054). In the case of advanced CRNs, both PCa (OR 4.188, 95% CI 1.461--12.003, *P*=0.008) and higher BMI were significant risk factors ([Table 6](#t6-ott-9-5611){ref-type="table"}).

Discussion
==========

The risks of a primary malignancy occurring in sites other than the colon have been reported to be increased in patients with CRNs.[@b35-ott-9-5611]--[@b37-ott-9-5611] However, the associations between PCa and CRNs have not been extensively investigated. One Swedish study studied the familial association of CRAs with other malignancies and found that families with PCa had an increased incidence of CRAs.[@b37-ott-9-5611] To the best of our knowledge, our study is the first to directly investigate the association between CRNs and PCa. The presence of PCa conferred a 3.3-fold increased risk of advanced CRNs compared with asymptomatic controls, even though the control group had significantly higher baseline risk factors such as diabetes, alcohol and smoking history, and total cholesterol levels. Our data suggest that screening colonoscopy should be considered at the time of PCa diagnosis.

Previous studies have shown that patients with PCa or colorectal cancer (CRC) are at increased risk for the other cancer.[@b9-ott-9-5611]--[@b12-ott-9-5611] This increase in risk may be attributable to increased diagnostic or surveillance activity at or after PCa diagnosis; however, one case-controlled study reported that patients with CRC have an increased risk for PCa regardless of the PCa screening status.[@b10-ott-9-5611] Another cancer registry-based Swiss study reported that the diagnosis of SPMs was reduced during the first 4 years after PCa diagnosis but the risk for SPM, including CRC, increased over time.[@b38-ott-9-5611] These studies suggest that although detection bias may contribute to CRC risk in PCa patients, other underlying mechanisms may exist.

Another explanation for the increased risk of advanced CRN in PCa patients may be shared epidemiologic or genetic risk factors. Insulin-like growth factors and associated diseases such as obesity and metabolic syndrome have been associated with both CRN and PCa.[@b39-ott-9-5611] This association was also seen in our study, with subjects with higher BMI having significantly higher risks of advanced CRNs among both PCa patients and controls. Other risk factors such as consumption of red meat, vitamin D deficiency, lack of exercise, or medications such as aspirin or statins have also been associated with both CRN and PCa risk.[@b14-ott-9-5611],[@b16-ott-9-5611]--[@b22-ott-9-5611] Unfortunately, although aspirin use was a significant preventive factor, due to the retrospective nature of our study we were not able to fully address all of these risk factors. Genetic risk factors such as *BRCA1/2* and Lynch syndrome have also been associated with both CRN and PCa.[@b23-ott-9-5611]--[@b26-ott-9-5611] Although we excluded subjects with familial cancer syndromes or polyposis, the retrospective nature of our study made it difficult to fully evaluate family history of cancer. Family medical history should be detailed in further prospective studies to discover whether there is a clustering of patients with CRNs and PCa, as has been suggested.[@b37-ott-9-5611]

Interestingly, despite the significant association between CRNs and PCa, PSA was not a significant risk factor for CRNs. This may be because PSA is exclusively secreted by the prostate gland, limiting the interaction between PSA and CRNs.[@b40-ott-9-5611] Another possibility is that many PCa patients have normal PSA levels,[@b41-ott-9-5611] which may have contributed to our study results.

The clinical significance of undergoing colonoscopy at the time of PCa diagnosis must be further investigated. The long-term survival of PCa patients and the relatively older age at diagnosis increases the likelihood of PCa patients having SPMs such as CRC.[@b2-ott-9-5611]--[@b4-ott-9-5611] The possible increase in CRC risk induced by PCa therapy further increases the necessity of preventing CRNs from advancing to CRCs.[@b5-ott-9-5611]--[@b8-ott-9-5611] Current guidelines partially support this as PCa patients are recommended to follow colonoscopy screening guidelines for higher risk individuals.[@b42-ott-9-5611] Furthermore, a recent study reported that the rate of unnecessary rectal biopsies and the associated risk of major complications were higher in PCa patients who underwent colonoscopy after brachytherapy compared to those who underwent colonoscopy at PCa diagnosis.[@b43-ott-9-5611] However, whether colonoscopic screening with CRN removal at PCa diagnosis reduces CRC risk, even in patients undergoing potential CRC-inducing therapy, requires further long-term prospective evaluation.

Our study has some limitations. First, the relatively small sample size may limit the generalizability of our findings. Second, PCa subjects were compared with asymptomatic controls, which may have introduced a selection bias. However, to cover this, we performed a subgroup analysis on asymptomatic PCa patients with age- and BMI-matched controls. PCa continued to be a significant risk factor for advanced CRNs while it increased the risk of overall CRNs but was not statistically significant. This suggests that the presence of PCa is associated with increased advanced CRN risk, regardless of the diagnostic circumstance.

In conclusion, our study demonstrated that the risk of concomitant advanced CRNs at the time of diagnosis may be increased in PCa patients. Further prospective long-term studies must be carried out to determine whether colonoscopic screening and removal of CRNs at the time of PCa diagnosis leads to a reduction in CRC.
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###### 

Baseline characteristics of study subjects

                                        Prostate cancer group (n=161)   Control group (n=322)   *P*-value
  ------------------------------------- ------------------------------- ----------------------- -----------
  Age (years) mean ± SD                 67.8±7.3                        66.6±6.7                0.060
  BMI (kg/m^2^) mean ± SD               23.9±2.7                        23.8±2.6                0.898
  Diabetes (n, %)                       19 (11.8%)                      67 (20.8%)              0.015
  Hypertension (n, %)                   76 (47.2%)                      141 (43.8%)             0.477
  Aspirin use (n, %)                    33 (20.5%)                      83 (25.8%)              0.200
  Alcohol (n, %)                        66 (41.0%)                      209 (64.9%)             \<0.001
  Smoking (n, %)                        38 (23.6%)                      160 (49.7%)             \<0.001
  Total cholesterol (mg/dL) mean ± SD   179.8±32.8                      189.9±37.6              0.003
  PSA (ng/mL) mean ± SD                 73.7±471.0                      1.3±1.4                 0.053

**Abbreviations:** BMI, body mass index; PSA, prostate-specific antigen; SD, standard deviation.

###### 

Comparison of colonoscopic findings between the two groups

  ---------------------------------------------------------------------------------------------------------
                                                      Prostate cancer group\   Control group\   *P*-value
                                                      (n=161)                  (n=322)          
  --------------------------------------------------- ------------------------ ---------------- -----------
  Subjects with colon polyps (n, %)                   109 (67.7%)              222 (68.9%)      0.782

  Mean number of polyps (mean ± SD)                   2.3±2.2                  1.8±3.2          0.048

  Subjects with colon neoplasms (n, %)                95 (59.0%)               168 (52.2%)      0.155

  Mean number of neoplasms per subject (mean ± SD)    1.6±2.3                  1.1±1.6          0.016

  Subjects with multiplicity (\>2) (n, %)             38 (23.6%)               46 (14.3%)       0.011

  Subjects with Rt colon neoplasms (n, %)             40 (24.8%)               70 (21.7%)       0.443

  Subjects with Lt colon neoplasms (n, %)             22 (13.7%)               46 (14.3%)       0.853

  Subjects with both side neoplasms (n, %)            33 (20.5%)               53 (16.5%)       0.274

  Number of subjects with advanced neoplasms (n, %)   29 (18.0%)               19 (5.9%)        \<0.001

   Size ≥1 cm (n, %)                                  29 (18.0%)               18 (5.6%)        \<0.001

   High-grade dysplasia (n, %)                        7 (4.3%)                 2 (1.0%)         0.008

   Villous features (n, %)                            5 (3.1%)                 3 (1.0%)         0.124

   Carcinoma (n, %)                                   9 (5.6%)                 0 (0.0%)         \<0.001
  ---------------------------------------------------------------------------------------------------------

**Abbreviations:** Rt, right; Lt, left.

###### 

Risk factors for colorectal neoplasm in all patients (prostate cancer patients and controls)

                      Overall CRN   Advanced CRN                                                                                                  
  ------------------- ------------- -------------- ------- ------- -------------- ------- ------- -------------- --------- ------- -------------- ---------
  Prostate cancer     1.319         0.900--1.935   0.156   1.438   0.963--2.145   0.076   3.504   1.897--6.417   \<0.001   3.300   1.766--6.167   \<0.001
  Age                 1.020         0.993--1.047   0.145   1.027   0.999--1.055   0.055   1.038   0.993--1.085   0.097     1.050   1.003--1.009   0.036
  BMI                 1.065         0.995--1.141   0.069   1.081   1.008--1.160   0.029   1.152   1.029--1.290   0.014     1.205   1.067--1.361   0.003
  Diabetes            0.954         0.598--1.523   0.843                                  0.769   0.333--1.778   0.540                            
  HTN                 1.138         0.794--1.633   0.481                                  1.041   0.572--1.895   0.894                            
  Smoking             1.349         0.935--1.944   0.109   1.577   1.072--2.322   0.021   0.842   0.455--1.557   0.583                            
  Alcohol             1.080         0.752--1.550   0.677                                  0.969   0.532--1.768   0.919                            
  Aspirin             1.088         0.715--1.656   0.695                                  0.511   0.223--1.171   0.113     0.414   0.173--0.990   0.047
  Total cholesterol   0.999         0.994--1.004   0.747                                  0.996   0.987--1.004   0.304                            
  PSA                 1.000         0.999--1.001   0.971                                  1.000   0.999--1.001   0.877                            

**Abbreviations:** BMI, body mass index; HTN, hypertension; PSA, prostate-specific antigen; CRN, colorectal neoplasm; OR, odds ratio; CI, confidence interval.

###### 

Risk factors for colorectal neoplasm in prostate cancer patients

                                        Univariate analysis   Multivariate analysis                                  
  ------------------------------------- --------------------- ----------------------- ------- ------- -------------- -------
  Age (years) mean ± SD                 66.9±1.0              68.5±0.7                0.185   1.061   1.009--1.115   0.020
  BMI (kg/m^2^) mean ± SD               23.4±0.3              24.2±0.3                0.046   1.140   0.997--1.304   0.055
  Diabetes (n)                          7                     12                      0.695                          
  Hypertension (n)                      27                    49                      0.182                          
  Smoking (n)                           16                    23                      0.996                          
  Alcohol (n)                           28                    38                      0.758                          
  Aspirin use (n)                       14                    19                      0.851                          
  TNM stage (n)                                                                       0.130                          
   1                                    7                     2                                                      
   2a                                   8                     8                                                      
   2b                                   26                    46                                                     
   3                                    14                    26                                                     
   4                                    11                    13                                                     
  Gleason score                                                                       0.177                          
   6                                    17                    14                                                     
   7                                    31                    61                                                     
   8                                    11                    11                                                     
   9                                    6                     6                                                      
   10                                   0                     1                                                      
  Total cholesterol (mg/dL) mean ± SD   177.2±4.3             181.6±3.2               0.405                          
  PSA (ng/mL) mean ± SD                 83.5±61.5             66.9±46.4               0.827                          
  CFS reason (n)                                                                      0.061                          
   Asymptomatic health check-up         32                    49                                                     
   Abdominal symptoms                   27                    25                                                     
   Suspicion of CRN                     7                     21                                                     

**Abbreviations:** BMI, body mass index; CFS, colonofibroscopy; CRN, colorectal neoplasm; PSA, prostate-specific antigen; OR, odds ratio; CI, confidence interval.

###### 

Comparison of colonoscopic findings in asymptomatic prostate cancer patients and age- and BMI-matched controls

  ---------------------------------------------------------------------------------------------------------
                                                      Prostate cancer group\   Control group\   *P*-value
                                                      (n=81)                   (n=162)          
  --------------------------------------------------- ------------------------ ---------------- -----------
  Subjects with colon polyps (n, %)                   58 (71.6%)               105 (64.8%)      0.288

  Mean number of polyps mean ± SD                     2.3±3.2                  1.5±1.8          0.033

  Subjects with colon neoplasms (n, %)                49 (60.5%)               77 (47.5%)       0.057

  Mean number of neoplasms per subject mean ± SD      1.5±2.1                  0.9±1.4          0.022

  Subjects with multiplicity (\>2) (n, %)             17 (21.0%)               17 (10.5%)       0.026

  Subjects with Rt colon neoplasms (n, %)             17 (21.0%)               34 (21.0%)       1.000

  Subjects with Lt colon neoplasms (n, %)             12 (14.8%)               23 (14.2%)       0.897

  Subjects with both side neoplasms (n, %)            20 (24.7%)               21 (13.0%)       0.021

  Number of subjects with advanced neoplasms (n, %)   11 (13.6%)               6 (3.7%)         0.004

   Size ≥1 cm (n, %)                                  12 (14.8%)               6 (3.7%)         0.002

   High-grade dysplasia (n, %)                        2 (2.5%)                 0 (0%)           0.110

   Villous features (n, %)                            3 (3.7%)                 0 (0%)           0.036

   Carcinoma (n, %)                                   2 (2.5%)                 0 (0%)           0.110
  ---------------------------------------------------------------------------------------------------------

**Abbreviations:** BMI, body mass index; Rt, right; Lt, left; SD, standard deviation.

###### 

Risk factors for colorectal neoplasm in asymptomatic prostate cancer patients and age- and BMI-matched controls

                      Overall CRN   Advanced CRN                                                                                                  
  ------------------- ------------- -------------- ------- ------- -------------- ------- ------- --------------- ------- ------- --------------- -------
  Prostate cancer     1.690         0.983--2.906   0.058   1.734   0.998--3.012   0.054   4.086   1.453--11.489   0.008   4.188   1.461--12.003   0.008
  Age                 1.019         0.983--1.056   0.303                                  1.019   0.949--1.093    0.607                           
  BMI                 1.122         1.020--1.234   0.018   1.125   1.021--1.239   0.017   1.254   1.050--1.498    0.012   1.255   1.047--1.504    0.014
  Diabetes            0.913         0.475--1.755   0.786                                  0.967   0.268--3.520    0.959                           
  HTN                 1.222         0.736--2.030   0.438                                  1.120   0.417--3.008    0.822                           
  Smoking             1.085         0.649--1.812   0.756                                  0.794   0.284--2.224    0.661                           
  Alcohol             1.130         0.676--1.891   0.641                                  0.556   0.207--1.496    0.245                           
  Aspirin             0.721         0.398--1.309   0.262                                  0.415   0.092--1.870    0.252                           
  Total cholesterol   1.001         0.994--1.008   0.730                                  1.004   0.991--1.017    0.579                           
  PSA                 1.021         0.991--1.051   0.171                                  0.997   0.959--1.038    0.901                           

**Abbreviations:** BMI, body mass index; HTN, hypertension; PSA, prostate-specific antigen; CRN, colorectal neoplasm; OR, odds ratio; CI, confidence interval.
